. Left: The ATLAS detector [9] . Right: Illustration of the coincidence between TileCal Extended Barrel and the endcap muon chamber at 1.0 < |η| < 1.3. Taken from ref. [5] .
The ATLAS Online Trigger System is implemented in two consecutive levels [2] . The first 16 level (Level-1) is entirely implemented in custom built electronics while the software-based second level, so-called high-level trigger (HLT) runs primarily on a large computer cluster near the detector. 1 The Trigger System reduces the event rate from the bunch-crossing rate of 40 MHz to 100 kHz at 2 Level-1 within a fixed latency of less than 2.5 µs and to an average recording rate of 1 kHz after 3 passing the HLT. 4 This work is related to the Level-1 Trigger for muons in the ATLAS endcap region covering 5 pseudorapidity range1 1.0 < |η| < 1.3 (see Figure 1(right) ). The Level-1 Muon Endcap Trigger 6 covering this η range is based on the Thin Gap Chambers (TGCs) of the middle endcap stations 7 and the new inner muon chambers (TGC-EIL4). The TGC is the gas chamber with multi-wires 8 operated at the limited proportional region (typical high voltage is 2,800 V) [3] . In the azimuthal 9 angle ϕ the TGC is segmented into 48 sectors. The main source of the Level-1 Muon Trigger background in the endcap region is low momentum 12 protons emerging from the endcap toroid magnets and the beam shielding [4] . They produce cor-13 related hits leading to coincidences in the trigger chambers up to the highest transverse momentum 14 muon threshold. In order to decrease the Level-1 Muon Trigger rate, a coincidence system using 15 several ATLAS subdetectors can be implemented.
16
The Tile Calorimeter (TileCal) provides highly segmented energy measurements for incident 
24
The activation of the TileCal outermost layer covering 1.0 < |η| < 1.3 to assist the Level-1 and read out by the back-end electronics if the event is accepted by Level-1 Trigger [7] . Two sides of 37 1The pseudorapidity η is defined as η = − ln tan θ 2 , where θ is the polar angle measured from the beam axis (z). each calorimeter cell are connected to independent PMTs and thus it implements two independent 1 readout channels, providing redundancy to the data acquisition (left and right channels). 
Tile Muon Digitizer Board

10
The Tile Muon Digitizer Board (TMDB) has been designed to process (receive and digitize) the 11 data coming from the D-layer channels of the TileCal Extended Barrel module, to estimate the 12 energy using a Matched Filter (MF) approach [9] and to apply a threshold (see section 6). The 
System Overview
20
The TMDB is a 9U VME board (see Figure 3(right) ), where the VME interface is handled by a 21 dedicated FPGA (Cyclone III from Altera). The Timing, Trigger and Control (TTC) signal is transmitted to the optical receiver and it is 10 decoded in TTCDec mezzanine. The TMDB energy reconstruction is performed by a 7-coefficient FIR filter that is based on a
19
Matched Filter (MF) approach [9] . The MF coefficients are computed per readout channel using 20 the respective reference pulse-shape and noise covariance matrix.
21
The TMDB output corresponds to the energy value, in some arbitrary units, that is estimated between "Peak-detector" and "Thresholds" algorithms. MPU latency obtained from the simulation is less than 0.5 µs, which meets specification The thresholds are defined in arbitrary units and loaded to TMDB so that they can be used to 9 compare with MF output and to obtain a TMDB decision. 
